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CONSOL Energy Inc.

-

* Largest_‘;oducer of high-Btu bituminous

— 17 minﬂg C exes in six states
— Prov,gﬂ@nd o coal reserves of 4.5
bllﬁo'n-teﬁs

¢ Leads natl‘bn In production of coal from

underground mines

¢ Produced 64.6 million tons of coal N
2007 w vt

¢ Majority shareholder.in:

~_U.S. producers of céal' ":';'eﬂlfmethane -

—ENXE Gas Corpmatlon

¢ Emiitted 28:4 million cubic feet of coal
mine methane in 2004

— 88.7% ventilation air methane 7 CONSOL ENERGY

America's On Switch..
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% MEGTEC Systems, Inc.

MEGTEC

$260 million international company

One business unit supplies air
pollution contrel systems for
destruction oft velatile organic
compounds

One of the largest manufacturers
off @xidation systems in world

Evallating anditesting
technelegies fer conversion ol coal

miRE mMethane Inte ERErgy. ok GVer
1TON/EaISs




Methane Emissions from
Coal Mines

Methane is 279 most important non-water
greenhouse gas

Coall mine methane (CMM) accounts for 10%
off anthrepoegenic methane emissions in the
U.S.

Ventlatienrair methane (VANM)Is single

largest seurce oif CVIV]

— \VANVIWas 761 ilien cukic ieet ol the 442 0illien
clpIc feet e CVIVIremitied Irter ULS IRf2005

Use eirminevenulatenraiisipreniemaic due
e e metnanerconcentaten; 0r8Yotore. 5%




Coal Mine Ventllation Fan




Methane Conversion
through Oxidation

Oxidation process converts methane to CO;
and water

— Reduce greenhouse gas emissions
— Reduces wanming potential by 87%

Potential to integrate: a heat recovery: system

— Recover useful'energy. inithe femm of et water,
steam), o electricity;

— Avelds GHG emissions; associated With the
avoelded fuel

Plreduces essentially ne SO, NGO, orr €O




Application of Oxidizer Technology

Oxidizer technology has widespread industrial
use for destruction ofi volatile organic
compounds

TThermal flow reversal reactor (TERR) system Is
selff sustaining at low: methane concentrations
(0:.2%-1..2%)

— VEGTEC VOCSIDIZER

W slipstream tesis conducied at coalimines in
Grean Britain anarAusialia

Euli-scale TERR systen| producing eleciicity 65
anractive Ausiralianrceal mine




First U.S. Field Trial

Demonstrate MEGTEC’s commercial
size TFRR reactor on an inactive coal
mine

— Windsor Mine, West Liberty, \W\/

Simulate: mine ventiatien: air by blending
MEthane emiSSIonS firema mine: vVent

Wit air




Opportunities of Trial

Test the equipment without Impacting the
operation of an active mine

Gain hands-on experience with the technoelogy
\erify salety systems

Collect operability:and maintenance data 6
e eguipment

Alleww ehsenationt ey VISIHAand ether
geVEMMENT A0ENCIES

ElSi steprieivuitennstaliauen erramine
Veniaen ien




Project Objectives

Determine the long-term technical/economic
feasibility of applying a full-scale thermal flow
reversal reactor (TERR) system to the safe
and efficient operation of a large undergreund
coal mine

— Convert the low and varnable concentration; of
methane in: the simulated mine ventilation: air to
caren aiexide effectively

— [DEeternmine cost e applying (EChnoeIoay,

— [Determine the quantiy e useitl energy et can
e econemically produced
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Windsor Mine Site




Field Trial Schematic Diagram

exhaust

isolation
damper

% %——1VOCSIDIZER

by-pass vent

Simulated mine ventilation air -
0.2% - 1.2% (0.8%) methane

block & bleed

. Coal mine vent hole -
i % ol . - 45% — 60% methane
ower

Alr




VOCSIDIZER Technology

Single bed modular system to process 30,000
scim ofi mine ventilation air

LLarge bed ofi ceramic materal in an airtight
steel container

Al plenum; chamiers alkove andl elow the
ed

Startup’ electrical heang elementin tne
CERLEr Ol the hed

PhReumatcally aciuateaValves iorconirel e,




VOCSIDIZER Cut-Awa

Flow reversal
valves

Startup electric
heating element




VOCSIDIZER at Windsor Mine

Steel container

Inlet to VOCSIDIZER - with ceramic media
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Principle of Operation

Electric heating element brings the
temperature to 1000 °C (1832 °F) at startup

Process fan ferces the air into the plenum
and threugh the bead

Airris heated to temperature at which
methane Is completely oxidized

TThemmal eneray. releaseadl vy exication; s
[ecovered by the hed meditm

AlIFIOWIIS eVESSEM), and the NEAL FECoVErED
I tRE ISt Gyclerneats e IRComIng VenRtilanen
ali 1o exIdatien iemperatire

Process repeats




Air Flow In TFRR

Valve 2
Closed

Inlet Exhaust
Air & CH, - Air, CO,, & H,O
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Principle of Operation

Reaction zone stays In the center of bed
Where oxidization temperature IS
sustained

Oxidation reaction takes place without
auxilianyfuelfanawitheut a flame

Viethane: conversion: off 95%




Completed Installation
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Operation

Parametric testing

— Determine effects of mine ventilation air flow rate
and methane concentration on bed temperature
and methane conversion

Emission testing
— Periedic stack testing te determine emissions

Long-term tesiing

— EValuatereperanility evertime
¢ Phiase|
» Phasell




Parametric Tests
Test five or six sets of operating
conditions

Three thirty-minute sample perieds
during| steady-state operation

Gas samples collected off VOCSIDIZER
Inlet and stack

Analyze for methane cencentraion
Calculatermetnane conversion
IWGISEpaiaie test campalgns




Parametric Test Plan - Campaign 2

Test Run ID Methane Process Air
Concentration Flow Rate
&) (scfm)
Test A 0.3 15,000
Test B 0.8 15,000
Test C 0.3 30,000
Test D 0.8 30,000
Test F 0.6 22500




Bed Performance Results

Campaign 2

JestA | TestC | Test D
Target % CH,, 0.3 0.3 0.6
Actual % CH, 0.29 0.30 0.79
Trarget flow, scfim 15,000 30,000 30,000
Actual flew, sciim 16,738 29,6112 29,624
Temperature stack, F 196 192 453
Delta T bed, F 188 133
Maximum beditemp;, E | 1897 1945
Y6 CI) ConVErSion 7Y 0BG




Emission Tests

Three test campaigns conducted
— August 7-9, 2007

— August 5-7, 2008

— September 8-10, 2008

Tfhree one-hour tests per campaign

Steady/ state conditions
— 30,000 sciim| process; air
— 0.6 metnane conceniratioen

Vieasurer sy, NOy, €O, €Oy, O, VOES, and
parliculatenmatier




Emission Test Results
Campaign 2

VOCSIDIZER
inlet gas stack gas Crl,
composition |cemposition | conversion
CHl, 0.47 %¢ 165 ppmv 96.6 %
€ H: < 0.01 % < 0.01%
CO, 0.141 % 0.65%
o) 200.61% 19,7 %
N, 7.2 % -
CO 2.5 ppRmy,
S 0) 0)10)5) ) 0) 10/
NOF 0),20) 0 c) i\

eInlet methane value by GC analysis; LEL monitor reads 0.6%.

** PM emissions were 0.006 grains/DSCF or 2 Ib/hr.




Bed Temperature Profile
0.6% CH4 at 30,000 cfm
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Campaign 3

Emission Test Results

VOCSIDIZER
inlet gas stack gas Crl,
composition |cemposition | conversion
CHl, 0.42 %¢ 154 ppmv. 96.4 %
€ H: < 0.01 % < 0.01%
CO, 0.091% 0.64%
o) 2070%0 19,7 %
N, 77.61% -
CO S 7. PRV
S 0) 0)10)5) ) 0) 10/
NOF 022 PRV,

** PM emission data not available

eInlet methane value by GC analysis; LEL monitor reads 0.6%.
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Long-Term Testing

Objective to operate for 8 months
continueusly unmanned

Operate at conditions typicall of mine
ventilatien fan

— 30,000 scilim| pProcess air

— 0,69 methane cencentration

Collecloperatnaiand mantenance date




Operating Time-Phase |

Simulated ventilation air methane
Introduced to VOCSIDIZER on
Eebruary 11, 2007

Total off 1300 unmanned operating
eUrS fren May: 9, 2007 threugh
November 30, 2007

— =27 Y% avallaniiby
Viere maiRtenance than expecied

Unrelianie uilin pewer respoensileior
SEME ShuldeWRS




Operating Problems

Methane detectors

— Response time and accuracy did not meet
requirements

Al COmpressor system problems
— Mechanical failure of compenents
— |[nability’ ter maintain discharge: pressure

llemperature Sensing prokliems
— [Falled thermecouples

BEd meadia prekiems
— Calsed iemperaitre contrel/profile preklems

REmeielocation
— CaUSEd GREER tHaRMMECESSaNUMES TofIeStant




Operating Time - Phase |

Re-commissioned the equipment in April
2008

Maximum Inlet methane concentration
reduced to 0.8% from 1.2%

Long-term; tested resumed May: 1., 2008

Jjotal el 2180 Unnanned eperating heurs
through Septemier 30, 2008
— =5006 availanliby

— =840 avallanpiisirexciidine all-nen-cere:
PrekIEmS




Interim Operating Results

Methane conversion meets spec (2 95%) at
all conditions tested

Pollutant emissions meet spec

Self-sustained operation demonstrated at
methane concentrations ranging frem 0.3% at
half flow: te 1.0%; at full-flew

Modified design imitsimethane concentration
10 = 0:6%

Equipment modifications; greatly imjproved
avallanility, Ut en-0oing IoNg-termitesting
ievealsisome remaining mamnienance
CONCENS

Seme addiienaimpreVeEMERE MEUIICANGNRS
alielexpectied




Plans and Schedule

Continue long-term testing through
Octoner 2008

Complete engineering/econemic
evaluation of a conceptual large
commerncial-size installaton (180,000

CIm)WItIh Energy. reCoVveny/ system
ElRalrepori e e stbniiied end el 2006

Relecate’ equipment e mineventiaion
AT enranracive minein 2009




Typical Ventilation Fan Site
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Example Site Plan
E:.'ﬁff:.mﬁ o AT R SETER A

ventllatlon fan

ALL CONDUIT IN
CONCRETE
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VOCSIDIZER




Commercial VOCSIDIZER -
Australia
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Potential for Applications

180,000 cfm unit reduces methane emissions
py 0.5 to 1.1 by

Glebal warming potential reduced by 188,000
10 377,000 metrc tonne per year CO,e

TThermal power of 18/ - 36; M\,

Electrcity, generation o1 5.4 — 1.0.81 VIV
possikle

Redlce demand enfessiliuel generanng
statiensiandiresuiiine emissiens el Chiierna
pellltants anc o2

Assumes methane concentration range of 0.6% - 1.2%; 100% availability;
95% methane destruction; GWP of methane = 21X CO2; GWP reduction of
87% upon oxidation; generating efficiency of 30%.
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